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1.  INTRODUCTION 


This  workshop  is  a  follow-up  to  Workshop  IV:  Liquid  Crystals  for  Laser 
Applications,  which  was  held  at  NVEOC  on  May  11,  1988.  At  the  original 
meetinq  it  was  agreed  that  Rochester  would  initiate  a  project  to  study 
methods  for  developing  a  nonmechanical  IR  chopper  using  liquid  crystal 
technology.  At  this  meeting  a  progress  report  was  given  to  Infrared 
Technology  Division  (IRT)  members  of  the  Uncoded  Devices  Development 
Team  (UDDT).  Preliminary  results  demonstrated  that  submillisecond  response 
for  a  ferroelectric  liquid  crystal  chopper  in  the  transient  light  scattering  mode 
(TLSM)  is  possible.  It  was  agreed  that  experiments  should  now  examine  the 
transmission  limits  and  forward  scattered  optical  radiation  distributions  in 
thin  cells,  with  possible  work  to  establish  that  a  square  wave  transmitted 
energy  profile  can  be  achieved. 


2.  SUMMARY  AND  FOLLOW-UP  ACTIONS 


Rochester  presented  data  for  two  ferroelectric  liquid  crystal  blends  which 
demonstrated  that  a  scattering  state  could  be  induced  and  removed  in  25  pm 
thick  glass  cells  in  less  than  1  millisecond.  The  measurements  were  conducted 
at  632  nm. 

NVEOC  members  emphasized  that,  for  the  liquid  crystal  technology  to  be 
competitive  with  mechanical  choppers,  Rochester  should  concentrate  on  the 
following  (in  order  of  priority); 

1 .  Determine  transmissivity  limits  for  thin  (25-50  pm)  elements  in  the  clear 
state  between  the  wavelengths  of  8  pm  and  12  pm,  using  in-house  and 
commercial  ferroelectric  materials. 

2.  Characterize  the  induced  forward  scattering  effect  for  magnitude, 
direction,  and  sensitivity  to  polarization  in  the  infrared  with  assistance 
of  NVEOC  personnel. 

3.  Demonstrate  millisecond  square  wave  optical  response. 
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I.  INTRODUCTION 

During  the  past  few  months,  we  have  been  investigating  the  feasibility  of  using  the 
transient  light  scattering  mode  (TLSM)  in  ferroelectric  liquid  crystal  materials  for  the 
modulation  of  infrared  radiation.  The  device  concept  is  illustrated  in  Fig.  1.  With  no 
electric  field  applied,  the  ferroelectric  liquid  crystal  helix  axis  aligns  parallel  to  the  confining 
substrates,  which  results  in  a  scattering  texture.  The  application  of  a  DC  field  with  a 
positive*  polarity  causes  the  helix  to  unwind,  rendering  the  device  highly  transparent. 
Reversal  of  the  field  polarity  causes  an  immediate  and  rapid  reversal  of  the  liquid  crystal 
domain  structure,  resulting  in  a  momentary  transition  through  the  scattering  state  followed 
by  restoration  of  the  transmissive  state.  Because  of  the  transient  nature  of  the  scattering 
effect  and  the  strong  coupling  of  the  spontaneous  polarization  in  ferroelectric  liquid  crystals 
to  the  applied  electric  field,  response  times  in  the  microsecond  regime  can  be  anticipated. 
Our  investigations  to  date  have  been  primarily  directed  toward  resolving  two  key  issues  of 
importance  to  the  proposed  device  concept: 

(1)  Does  the  TLSM  mode  in  ferroelectric  liquid  crystals  have  sufficiently  fast  rise  and 
decay  times  to  be  useful  in  the  proposed  device,  and 

(2)  Are  there  mid-infrared  transmission  windows  in  these  materials  at  or  near 
wavelengths  of  interest. 

II.  ELECTRO-OPTIC  RESPONSE  CHARACTERISTICS  OF  THE 
TLSM  MODE 

The  initial  evaluation  of  the  electro-optic  response  of  ferroelectric  liquid  crystals  in 
the  TLSM  mode  was  conducted  in  the  visible  region  in  order  to  simplify  the  cell  assembly 
and  electro-optical  measurement  procedures.  Since  the  mechanism  for  the  electro-optic 
response  in  liquid  crystal  materials  is  independent  of  the  wavelength  of  incident  light,  the 
response  times  obtained  in  the  visible  region  experiments  can  be  directly  extrapolated  to  the 
infrared  region.  Ferroelectric  liquid  crystal  test  cells  were  prepared  using  3  mm  thick  ITO 
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coated  glass  substrates  with  an  active  area  of  25  mm  x  25  mm  which  were  further  treated 
with  a  rubbed  polymer  alignment  coating  to  establish  an  initial  director  orientation.  Two 
ferroelectric  liquid  crystal  mixtures  were  selected  for  this  initial  study:  ZLI  4003,  a 
commercially  available  low-birefriiigence  material,  and  G-1456,  a  medium  birefringence 
material  formulated  in-house.  Two  cells  of  different  fluid  layer  thickness  were  filled  by 
capillary  action  at  elevated  temperature  with  each  of  the  ferroelectric  liquid  crystal  materials. 
Cell  gap  thickness  was  controlled  by  the  use  of  Mylar  spacers.  Electro-optic  response  time 
measurements  were  conducted  using  the  setup  shown  in  Fig.  2.  A  helium-neon  laser 
served  as  the  light  source.  The  driving  waveform  was  supplied  by  a  Kron-Hite  function 
generator  connected  in  series  with  an  in-house  assembled  solid-state  amplifier  capable  of 
greater  than  ±200  V  output.  The  cell  response  was  monitored  by  a  photodiode  and 
displayed  on  a  dual-trace  oscilloscope  along  with  the  driving  waveform. 

In  Fig.  3,  the  electro-optical  response  curves  for  the  25-  and  50-|im  cells  containing 
ZLI  4003  (Cells  I  and  IE)  to  applied  square  wave  voltages  of  ±80  and  ±200  V  are  shown. 
In  the  case  of  Cell  I,  the  low  birefringence  of  ZLI  4003  resulted  in  a  rather  weak  induced 
scattering  for  a  25  nm  path  of  this  material.  However,  the  electro-optic  rise  time  response 
of  this  cell  was  extremely  rapid  (80-100  jis  at  ±200  V).  Increasing  the  pathlength  to  50 
^m  produced  a  much  stronger  optical  response  without  drastically  reducing  the  response 
time,  as  can  be  seen  for  Cell  III  in  Fig.  3.  The  rise  time  for  this  cell  varies  from 
approximately  1  ms  for  a  ±80  V  square  wave  to  200  ^is  for  the  same  waveform  at  ±200  V. 
Unfortunately,  both  samples  exhibited  a  rather  shallow  decay  curve,  with  the  transmission 
gradually  restored  to  its  initial  value  within  600  to  6  ms,  depending  on  cell  thickness. 
Increasing  the  drive  voltage  had  some  effect  on  the  shape  of  the  decay  curve  [see  Fig. 
3(d)],  but  did  not  appear  to  substantially  reduce  the  decay  time. 

The  TLSM  mode  response  for  25  and  12  pim  paths  of  G  1456  (Fig.  4)  exhibited  a 
considerably  slower  rise  time  (800  jis  -  1.2  ms  at  ±200  V)  than  that  observed  for  the  ZLI 
4003  cells;  however,  the  slope  of  the  decay  curves  in  G-1456  appeared  to  be  much  steeper 
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than  in  ZLI-4(X)3.  A  possible  explanation  of  this  phenomenon  is  that  the  shorter  helix  pitch 
length  in  G-1456  adds  an  additional  elastic  restoring  torque  not  present  in  the  long-pitch 
ZLI-4003,  resulting  in  reduced  decay  times  for  this  material.  Little  difference  in  decay  time 
was  observed  between  the  two  materials  at  the  same  cell  thickness;  however,  reducing  the 
cell  thickness  in  from  25  jim  (Cell  II)  to  12  (im  (Cell  IV)  resulted  in  a  reduction  of  the 
decay  time  from  6  ms  to  approximately  1.5-2  ms  with  a  loss  of  about  1/3  of  the  original 
modulation  depth.  A  similar  reduction  of  thickness  in  the  ZLI 4003  cells  caused  nearly  3/5 
of  the  original  blocking  ability  to  be  lost  (see  Fig.  3). 

In  Table  I,  the  previously  discussed  results  of  the  TLSM  mode  measurements  for 
G-1456  and  ZLI-4003  are  summarized  for  ease  of  comparison. 


TABLE  I 

TLSM  MODE  ELECTRO-OPTIC  RESPONSE  CHARACTERISTICS  OF 
FERROELECTRIC  LIQUID  CRYSTALS 


CeU 

Material 

Path  Length 

Rise 

Time 

Decay 

Time 

I 

ZLI  4003 

25  i^m 

80-100  ps 
(±200  V) 

600  ps 

n 

G-1456 

25  pm 

1.2  ms 
(±200  V) 

6  ms 

m 

ZLI  4003 

50  pm 

2(X)  ps 
(±200  V) 

6  ms 

1  ms 
(±80  V) 

>8  ms 

IV 

G-1456 

12  pm 

800  ps 
(±200  V) 

2  ms 

From  thc  preceding  data,  several  general  observations  can  be  made: 

(1)  In  all  cases,  the  rise  time  for  the  TLSM  effect  occurs  within  less  than 
1.5  ms,  with  a  rise  time  of  80-100  |j.s  observed  for  cell  I  (ZLI  4003, 
25  pm  pathlength)  at  an  applied  voltage  of  ±200  V. 

(2)  The  decay  time  for  all  of  the  measured  cells  ranges  from  approximately 
1-6  ms,  which  is  nearly  5-100  times  faster  than  that  observed 
for  dynamic  scattering  cells  of  equivalent  pathlength  (25-100 
ms). 

(3)  Further  improvements  in  the  decay  times  should  be  possible  by  use  of  an 
unsymmetrical  driving  waveform  (e.g.,  an  unsymmetrical  square  wave  or  a 
shaped  positive  and  negative  pulse  train). 

It  is  also  important  to  note  that  no  attempt  was  made  to  optimize  the 
alignment  condition  for  the  liquid  crystal  materials  used  or  to  make 
adjustments  in  mixture  compositions  that  would  maximize  the  birefringence 
or  spontaneous  polarization  of  the  materials  used.  For  applications  in  the 
infrared  region,  a  material  with  as  high  a  birefringence  as  possible  would  be  desirable  in 
order  to  attain  the  maximum  amount  of  scattering. 

III.  IR  TRANSMISSION  CHARACTERISTICS  OF  FERROELECTRIC 

LIQUID  CRYSTALS 

The  transmission  of  several  fen’oclectric  liquid  crystal  materials  in  the  infrared  was 
determined  using  a  Nicolet  20  SXC  Fourier  Transform  Infrared  Spectrometer.  The  sample 
cell  was  a  Wilks  Model  VR-6  variable  path  cell  with  KBr  substrates.  The  path  length  of  the 
cell  was  adjusted  to  10  pm  and  the  calibration  checked  by  an  interference  fringe  method. 
The  IR  spectrum  of  a  single  KBR  window  of  the  same  thickness  as  the  substrates  used  in 
the  variable  path  cell  was  subtracted  from  subsequent  scans  of  the  unaligned  bulk  liquid 
crystal  materials  to  correct  for  Fresnel  losses.  In  addition  to  the  two  materials  used 
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previously  for  the  TLSM  electro-optic  measurements,  a  third  mixture  (D  78283)  prepared 
in-house  from  compounds  supplied  by  Displaytech  Corp.  was  also  evaluated.  The  infrared 
transmission  spectra  for  unaligned  10-|im  path  lengths  of  the  three  ferroelectric  liquid 
crystal  mixtures  in  the  8-12  p.m  region  is  shown  in  Figs.  5-7.  For  comparison,  an 
infrared  spectrum  of  the  well  known  nematic  liquid  crystal  material  E7  was  collected  under 
the  same  conditions;  its  transmission  characteristics  in  the  8-12  jim  region  are  shown  in 
Fig.  8.  An  examination  of  the  infrared  spectra  indicates  that  the  ferroelectric  smectic  liquid 
crystal  materials  exhibit  stronger  absorption  bands  in  the  8-10  |am  region  than  do  their 
nematic  counterparts.  Since  absorptions  in  this  region  are  due  primarily  to  carbon-carbon 
and  carbon-oxygen  single  bond  stretching  vibrations,  the  increased  strength  of  these 
absorption  bands  can  be  accounted  for  by  the  larger  number  of  C-C  bonds  in  the  long 
terminal  alkyl  and  alkoxy  chains  of  smectic  liquid  crystal  compounds  as  compared  to  the 
shoner  terminal  groups  found  in  nematic  materials.  Between  10  and  11.5  jim,  however, 
transmission  windows  in  excess  of  80%  are  available  in  several  of  the  ferroelectric  liquid 
crystal  mixtures  which  have  been  examined.  Since  only  mixtures  of  compounds  have  been 
evaluated  to  date,  it  is  not  yet  clear  whether  the  degree  of  absorption  observed  is  due  to  all 
of  the  components  of  the  mixture  or  only  certain  compounds.  By  careful  screening  of 
individual  compounds  for  their  absorption  characteristics  in  the  8-12  ^im  region  and 
blending  of  these  selected  materials  to  form  eutectic  mixtures,  it  may  be  possible  to  effect 
an  increase  in  mid-infrared  transmission  of  ferroelectric  materials  in  selected  areas  of 
interest,  such  as  the  10-1 1.5  ^im  region. 

IV.  SUMMARY 

From  these  initial  investigations,  it  appears  that  the  TLSM  effect  in  ferroelectric 
liquid  crystals  offers  considerable  potential  for  use  in  an  IR  shutter-chopper  device.  The 
particular  advantage  of  this  effect  over  the  previous  approach  utilizing  the  dynamic 
scattering  effect  in  nematic  liquid  crystals  lies  in  the  inherently  rapid  rise  and  decay  times  of 
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the  TLSM  mode,  along  with  the  potential  ability  to  control  the  length  of  the  decay  time  by 
adjusting  the  ferroelectric  helix  pitch  and  the  shape  of  the  driving  voltage  waveform.  A  key 
issue  in  the  practical  realization  of  the  TLSM  mode  for  the  above  mentioned  application  will 
be  the  selection  and/or  preparation  of  appropriate  ferroelectric  liquid  crystal  materials  which 
exhibit  both  high  birefringence  to  enhance  scattering  and  good  optical  transparency  in  the 
mid-infrared  region. 
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Transient  Light  Scattering  Mode  (TLSM)  in  Ferroelectric  Liquid  Crystals 


Reversal  of  field  polarity  causes  the  cell  to  pass  from  state  (B)  (transmissive) 
through  state  (A)  (scattering)  to  state  (C)  (transmissive),  producing  the  transient 
scattering  effect. 


Figure  2:  Electro-optic  Test  Setup 


Figure  3:  TLSM  Response  in  ZLl-4003 


Figure  4;  TLSM  Response  in  G-1456 


Figure  5:  IR  transmission  of  D-78182  in  the  8- 
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R  transmission  of  ZLI-4003  in  the  8-12  fim  region 
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